As first time, ferroelectric (Ba 0.85 Ca 0.15 )(Ti 0.9 Zr 0.1 )O 3 (BCTZ), biocompatible (Na 0.5 K 0.5 )NbO 3 (NKN), and ferromagnetic Y3Fe5O12 (YIG) nanofibers were synthesized by sol-gel assisted electrospining technique. Non-woven, bead-free 100 μm long fiber mat was formed from close-packed nanocrystals after calcination in air at 800°C (BCTZ and NKN) and 1100°C (YIG). BCTZ fibers are 200 nm in width whereas NKN and YIG fibers have smaller 50-100 nm diameter. X-ray diffraction and Raman spectroscopy show that BCTZ and NKN crystallized in tetragonal and rhombohedral polar phases in the vicinity of morphotropic phase boundary. Room temperature ferromagnetism in YIG fibers is indicated by a well formed M-H hysteresis loop with about 70% of remnant magnetization to the saturated value reached at 150 Oe. Broad band microwave spectroscopy revealed strong asymmetry of the shape of ferromagnetic resonance lines that conforms to a three orders of magnitude shape aspect ratio of YIG nanofibers. Non-woven, bead-free 100 μm long fiber mat was formed from close-packed nanocrystals after calcination in air at 800°C (BCTZ and NKN) and 1100°C (YIG). BCTZ fibers are 200 nm in width whereas NKN and YIG fibers have smaller 50-100 nm diameter. X-ray diffraction and Raman spectroscopy show that BCTZ and NKN crystallized in tetragonal and rhombohedral polar phases in the vicinity of morphotropic phase boundary. Room temperature ferromagnetism in YIG fibers is indicated by a well formed M-H hysteresis loop with about 70% of remnant magnetization to the saturated value reached at 150 Oe. Broad band microwave spectroscopy revealed strong asymmetry of the shape of ferromagnetic resonance lines that conforms to a three orders of magnitude shape aspect ratio of YIG nanofibers.
Introduction
Quasi one dimensional materials including nanofibers, nanowires, nanobelts and nanorods have attracted intensive interest of scientist recently. Ferroelctric and ferromagnetic materials as functional compositions have been employed to invent or improve nanoelectronic, nanophotonic and nanogenerator devices [1] [2] [3] . Using piezoelectric nanofibers as the building blocks in nano-generators and nano-sensors makes them promising candidates for energy harvesting [4] [5] [6] . X.Chen et.al. designed and fabricated a high efficiency nanogenerator based on Pb(Zr,Ti)O3 nanofibers which produced 1.6V output [6] .Recently, a Pb-free piezoelectric ceramics system Ba(Ti 0.80 Zr 0.20 )O 3 -x (Ba 0.70 Ca 0.30 )TiO 3 ( abbreviated as BZTx BCT, x= molar fraction of BCT) reported by W.Liu et.al Demonstrated a high piezoelectric coefficient d 33 about 600 pC/N in Morphotropic Phase Boundary (MPB) region at x= 50 [7] . Regarding to its high piezoelectric performance it would be a promising candidate to use as a piezoelectric segment in generators and sensors.
3D and fibrous structures of the electrospun ferroelectric nanofibers in addition to their response to the external electric field and ultrasound vibrations, enhanced the tissue and neural tissue regeneration [8, 9] . Sodium potassium niobate composition has been studied intensively since it was discovered in 1949 [10] and showed a good potential as a biocompatible ferroelectric material [11] [12] [13] . Yttrium iron garnet Y 3 Fe 5 O 12 (YIG) as a high frequency passive low loss and possessing a unique magneto-optical property has been used extensively in optical communication and magneto-optical devices [14, 15] . The magnetic phenomenon in this material can be employed in different applications including drug delivery and DNA transportation [16] .
Electrospinning technique is a sol-gel based, versatile and straightforward method to fabricate the nanofeatures i.e. nanofibers and nanotubes that recently, has been employed intensively to produce oxides and ceramics nanostructures i.e. Pb(Zr,Ti)O 3 , BaTiO 3 , MgFe 2 O 4 , TiO 2 , CoFe 2 O 4 nanofiers [17] [18] [19] [20] [21] .
In this paper we review our recent achievements on synthesis and charachterization of ferroelectric BZT-BCT (BCTZ), biocompatible (Na 0.5 K 0.5 )NbO 3 (NKN), and ferromagnetic Y 3 Fe 5 O 12 (YIG) nanofibers were synthesized by the electrospinning technique.
Experimental details
Sol-gel assisted electrospinning technique was employed to synthesize the BCTZ, NKN and YIG nanofibers.
Ferroelectric nanofibers
2.1.1 BCTZ nanofibers BCTZ precursor solution was prepared by disolving barium acetate and calcium acetate in glacial acetic acid at 60 °C followed by mixing the Ti and Zr solution from disolved titanium isopropoxide and zirconium propoxide in ethanol. In order to prepare the BCTZ solution for the electrospining, 350 mg of polyvinylpyrrolidone (PVP) was dissolved in BCTZ precusor solution and stirred for 1 hour in a closed caped glass bottle. The transparent and viscous solution was transferred into a plastic syringe.
Electrospining was carried out by applying 15 kV to the metallic needle of the syringe pump while the solution was fed with 0.5 ml/hour rate. A non-woven and bead-free nanofibers containing hydrolized BCTZ precursor and PVP were collected from the surface of the aluminium foil used as a collector placed at 9 cm below the needle. Crystallized nanofibers were achieved by drying at 100 °C for 1 hour followed by calcination at 800 °C for 1 hour in air.
NKN nanofibers
To prepare the NKN precursor solution, potassium acetate and sodium acetate were mixed in 2-methoxyethanol at room temperature and stirred for 1 hour to achieve a clear and transparent solution. Niobium ethoxide was dissolved in acetyl acetone at room temperature and stirred for 1 hour (acetyl acetone was used as a chelating agent) and then added to the Na/K precursor solution and continued stirring. NKN solution was stirred for 12 hours in a closed cap glass ware at room temperature. Polyvinylpyrrolidone (PVP, 0.035g/ml) was added to the precursor mixture to prepare the solution for electrospinning. The solution was transferred to a plastic syringe with a metallic needle. Electrospinning was carried at 1.8 kV/cm electric field strength between the metallic needle and aluminum foil collector located 8cm below the needle. A non-woven and bead-free nanofibers mat was collected from the surface of the collector after drying at 100 °C in nitrogen atmosphere for 12 hours followed by annealing at 800°C for 1 hour in air.
Ferromagnetic nanofibers
Iron nitrate Fe(NO 3 ) 3 ×9H 2 O and yttrium acetate Y(O 2 C 2 H 3 ) 3 ×H 2 O were used as starting materials. The yttrium and iron salts precursors were dissolved in 10 ml solvent contained deionized water: methanol with 2:1 volume ratio, respectively. After stirring for 1 hour at room temperature, a red and transparent solution was achieved. The molar ratio of Fe 3+ :Y 3+ was maintained at 5:3. In order to prepare the solution for the electrospining, 0.035gr/ml of polyvinylpyrrolidone polymer was added to Figure 9 s indexed ac yttrium ir Room tem presented high remn C with high aspect ratio in morphotropic phase boundary region which can be used as piezoelectric nanogenerator in nano-devices. Biocompatible and ferroelectric (Na,K)NbO3 nanofibers were synthesized with 3D structure that make them a promising candidate as scaffolds for engineering, repair, and regeneration of damaged tissue. Ferromagnetic yttrium iron garnet (YIG) nanofibers with about 100nm in diameter and several tens of microns in length have been synthesized and showed strong resonance response in a microwave irradiation. YIG ferromagnetic fibers have the potential to use as delivery guides for pharmaceutical drugs, protein complexes, and DNA transportation.
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